. . .omitted. . . 

5 [Embodiments] 

Embodiments of the present Invention will now be 
explained with reference to the drawings. 

Flg.l Is a cross-sectional view of a thin film EL 
device showing one embodiment of the present Invention, 

10 In which a transparent electrode 2, a first Insulator 
layer 3, a ( Cai.^Mg^ ) ( S^.ySBy ) : Eu light emitting layer 4 
according to the present invention, a second Insulator 
layer 5, and an upper electrode 6 are sequentially formed 
on a transparent glass substrate 1. 

15 Hereinafter, the manufacturing method of the thin 

film EL devices will be explained in summary. First, the 
transparent electrodes 2 and the first Insulator layers 
3 composed of AI2O3 with a thickness of 2500 A are formed 
on the glass substrates 1, for example by vacuum vapor 

20 deposition or sputtering. Secondly, the (Ca^.^Mg^) (Si. 
ySey):Eu light emitting layers 4 are formed to have a 
thickness of 10000 A on these substrates in a manner 
described below, at substrate temperature of 500*0 , 
through the use of pellets Including Eu with the mixture 

25 ratios of the evaporation sources of MgS , CaS and CaSe 
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varied by electron-beam heating vapor deposition. 
Furthermore, on these light emitting layers 4, the second 
insulator layers 5 are formed to have a thickness of 30000 
A without breaking this vacuum condition. Finally, the 
5 upper Al electrodes 6 are formed on these second insulator 
layers 5 to prepare the EL devices. 

Here, thin film EL devices comprising the light 
emitting layers, principally composed of 

(Cao .,Mgo 3) (Si.ySey) and doped with 0.1 molar % Eu with 
10 their Se concentration varied as shown in Table 1, were 
prepared. Table 1 shows the luminous color and Fig. 5 
shows the luminous efficiency of each device. 

Table 1 

15 



device 
name 


A 


B 


C 


D 


E 


Se 

concentration 


0 


0 .05 


0.30 


0.60 


1 . 00 


luminance 
color 


deep red 




reddish 
orange 




yellowish 
orange 



As shown in Table 1, as the principal component of 
the light emitting layer is mix-crystallized to increase 
Se concentration, the luminous peak-wavelength is 
20 shifted to the short wavelength side to vary the color 
tone. Furthermore, as shown in Fig. 5, the luminous 
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efficiency is increased as Se concentration is increased. 
With this Mg concentration, when Se molar concentration 
ratio is not less than 0.60, the color purity of the red 
light emitting device was inferior than that normally 
5 used in the color CRT . Moreover , when not more than 0 . 05 , 
the devices were little improved in efficiencies. 
Device C comprising ( Ca,, ^gMgo 30 ) { So. 70860.30 ) :Eu containing 
Se 0.30 by molar concentration as a light emitting layer 
possessed a satisfactory color purity as a color device, 

10 and was also improved in efficiency about three times 
more than the device A. 

Furthermore, similarly to the above, thin film EL 
devices comprising the light emitting layers, composed 
of (Cai.^Mg,) (So.7oSeo.3o) and doped with 0.1 mol% Eu with 

15 their mixture ratios of the evaporation source MgS 
adjusted so that Mg concentration would be set as shown 
in Table 2, were prepared. Table 2 shows the luminous 
color of each device, and Fig. 6 shows the luminous 
efficiency of each device. 

20 Table 2 



device 
name 


F 


G 


H 


I 


J 


Mg 

concentration 
ratio 


0 


0 .25 


0 . 50 


0 . 75 


1.00 


luminance 
color 


reddish 
orange 




reddish 
orange 


yellowish 
orange 


yellow 
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As shown in Fig. 6, as Mg concentration of the 
principal component of the light emitting layer is 
increased, the luminous efficiency is improved. However, 
5 with this Se concentration, when Mg concentration is 
exceeding 0.7, the color purity of the red light emitting 
device was inferior than that normally used in the color 
CRT. The improvements in efficiencies of Devices I, J 
as shown in Fig. 6 result in great visual effects. Device 
10 H containing Mg 0.50 by molar concentration was improved 
in efficiency 1.5 times more than the Device F containing 
no Mg . 

Thus, EL devices comprising light emitting layers 
of (Cai.jjMg^) ( Si.ySey) doped with Eu can provide further 

15 increased luminance and efficiency compared with those 
conventionally comprising CaS as a principal component, 
while maintaining the color purity as red light emitting 
devices. Accordingly, they can provide superior 
luminous characteristics than conventional devices on 

20 the whole. 

Subsequently, this formation technique of light 
emitting layers will be explained in detail, through the 
example of the thin film EL devices comprising light 
emitting layers, which were simultaneously provided with 

25 Se during formation of the (Cao.70Mgo.30) ( So.70Seo.30) thin 
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films doped with 0.1 mol% Eu. 

The manufacturing steps of the thin film EL device 
having a structure shown in Fig.l have been described 
above, while the formation of the light emitting layer 
5 was conducted as follows. That is, the light emitting 
layer was formed by adjusting the mixture ratio of the 
evaporation source pellets of MgS, CaS, and CaSe so that 
Se concentration of the formed thin film would be 0.30, 
and by using a film formation apparatus enabling the 

10 manufacturing steps according to the present invention. 

First, above pellet 11 was heated source as one 
evaporation by electron-beam heating vapor deposition 
to evaporate, while Se 12 was resistance-heated as 
another evaporation source at various supply speeds to 

15 evaporate, so that the film with a thickness of 10000 
A was formed on the substrate 8 heated to 500T^ by the 
substrate heating heater 9. At this time, variation in 
the amount of supplied Se was set to not more than ± 5% , 
and the vacuum level during film formation was set to 

20 not more than 1 x 10'" Torr. Table. 3 shows the relative 
amounts of supplied Se to the amounts of supplied thin 
film raw material in the devices prepared, and the device 
names . 

25 

5 



Table 3 



device 
name 


K 


L 


M 


N 


P 


amount of 
supplied Se 


0 


1.0 


2.0 


3.0 


4.0 



A full-width at half maximum A 2 0 of NaCl structure 
5 (200) peak in each of Devices K-P was measured by X- 
ray diffraction, and consequently A 2 0 was 
monotonically decreased as the amount of supplied Se was 
increased, as shown in Fig. 7, and effects in improving 
the crystallinity were recognized. In Devices N and P, 

10 the full-width at half maximum A 2 0 was decreased to 2/5 , 
compared with the case where no Se was supplied (Device 
K) . In addition, their luminous efficiencies were also 
improved as the amounts of supplied Se were increased, 
and in Device P its luminous efficiency was improved 1.5 

15 times more than the case where no Se was supplied (Device 
K) . For comparison, S was simultaneously supplied to the 
devices, and consequently it was difficult to control 
the amounts of Se to be supplied near the vacuum level 
of 10'^ Torr during film formation, and that the 

20 deteriorations of repeatability of film formation and 
atmospheric vacuum level, in addition to the corrosion 
of Cu components of the formation apparatus and the abrupt 
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deterioration of the pump oil occurred. No such 
significant problems occurred when Se was simultaneously 
provided. 

5 ... omitted. . . 
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1.00 
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N 


P 
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1.0 
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3.0 
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